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Some conmon probl ens which are still encountered in
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achi eve a desired effect. The discl osure recogni ses

. that sequential exposure to selected agents.may be
exploited to nodul ate 4 cellular processes and thus
achi eve a |l evel of control over these which was not .
previ ously attai nable by conventional techniques. The
di scl osure addresses the problemthat cell culture
techni ques involving a plurality of steps and agents



In a second-aspect, there is provided a nethod for

i nducing a cellular process in cells in vitro
conprising the steps of: (a) formation of a cell unit
in which said cells are adhered to a mcrocarrier, a
bead, confined wi.thin a nmedi um perneabl e barrier or
entrapped; (b) stepw se expgsure of the-cell unit to
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There is a need in the art for improved téchniques for culturing cells, and methods for
discovering and implementing such techniques for regulation of cellular processes such
- as growth, differentiation,zme?abolic activity, and phenotypic expression.

Summary

The present disclosure pr'ovides novel cell culture techni-ques which are based on the
perception that cell culture is better approached as a dynamic process involving serial '
culture steps performed in a defined sequence to achieve a desired effect. The
disclosure recognises that sequential exposure to selected agents may be exploited to
modulate |



(c) subdividing the pool to create a further set of

groups of cell units; (d) exposing said

further groups to desired culture conditions;

(e) optionally, repeating steps (b) - (d) .iteratively

as required; and (f) assessing the effect on
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and exposing said groups to desired culture conditions;
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(c) exposing said further groups to further desired culture conditions;
(d) optionally, repeating steps (b) — (c} iteratively as required; and



Advant ageously, the cell units are |abelled.

Labelling allows the followi ng of the culture

conditions to which the cells have been exposed, or
“the following .of cell units as they are exposed to
different culture conditions; thus, any given cell

uni.t can have its label redd in order to determ ne
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effect of a pIurallty of culture conditions on a _
cell, "‘conprising the steps of: - ~a) providing a
first set of groups of cell units each conprising one
or nore cells, and exposing said groups to desired
culture conditions; (b) pooling two or nore of said
groups to format |east one second pool; (c)

- subdividing the second pool to create a further set
~of groups of cell units; _



(d) exposing said further groups to desired culture
conditions; (e) optionally, repeating steps (b) - (d)
iteratively as required; and (V assessing the
effect on a given cell unit of the culture conditions
to which it has been exposed. In a further :
enbodlnent "the disclosure $rovides a nethod for
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large number of separate samples, which have been handled differently. The
advantage,” however, is-that each sample does not require laborious deconvolution,
since the cell units therein have only been exposed to one set of conditions.
Accordingly, given suitable sample handling facilities, a splitting approach can yield rapid
- results.

The disclosure employs cell units. Such units may be single cells, but are
ad{fantageously colonies of two or more cells, which are arranged in such a form that
they are resistant to disrupﬁon even during split pool culturing procedures. For instance,
the cells may be cultured on a solid substrate, such as beads, as described in more
detail below. '

Advantageously, the cell units are labelled. Labelling allows the following of the culture
" conditions to which the cells have been exposed, or the following of cell units as they are
exposed to different culture conditions; thus, any given cell unit can have its label read in
order to determine how it has been derived from the starter cell pool or culture. Labels
may take any of a variety of molecular or physical forms, inciuding nucleic acid labels,
radiofrequency encoded tags, fluorescent or optical tags, and spatial encoding of cell
units on a surface or matrix.



In a further enbodinent, there is provided a nethod
for inducing a cellular process in a cell, conprising
the steps of: a) identifying one or nore
genes which are differentially expressed in
association with a ceIIuIarsprocess i n accordance
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b) exposing a cell to culture conditions which effect
a change in the cellular process; and .c)
isolating the desired cell. Accordingly the

di scl osure provides for a nmethod for producing a
differentiated cell froma bipotent, pluripotent or
toti potent progenitor, in accordance with the
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enbodi nents of the disclosure. Thus, in one

enbodi ment, there is provided a met hod f or cul turing

cells in vitro, conprising the steps of:



a) conbining one or nore cultures of cells grown
under different conditions; and b) culturing the
cell's under common conditions. In further enbodi nent,
there is provided a nmethod for culturing cells in
vitro, conprising the steps of: - a) incubating
a cell culture; and gb) splitting said culture
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The disclosure moreover broadly provides methods of culturing cells adherenf to solid
carriers such as microcarriers or beads. Such carriers can be composed of
macromolecules such as cellulose, dextran, agarose, or acrylamide, or inorganic
materials such as glass. The surfaces of ‘the carriers may be further modified by
“physical or chemical treatments, such as adsorption or covalent cross-linking of
molecular entities with a desired charge or other desired characteristic. Alternatively, the
carrier may consist of a cell or cells encapsulated within a matrix that allows perfusion of



a) incubating a stemcell culture; and b)
splitting said culture into two or nore groups of
stemcells, and culturing said group of stemcells
under two or nore different sets of culture
-conditions. Preferably, the cells are exposed to 3,
4, 5,6, 7, 8 9, 10 or norg different culture
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Description of the Figures Figure 1 shows an exanple
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al i guot s .whj ditions D, E or F.
Aftgfc%lturmgr h%r}; o%f ggmm%]gﬁ)co% it can be seen
~ that the vari _ous ceII groups have been exposed to all ‘
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conditions. “The quttijre conditions used advantageously comprise a change of medium.
The disclosure mdreoVer broadly provides methods of culturing stem cells, and
differentiated cells derived from stem cells -in vitro, adherent to microcarriers, such as
beads. Microcarrier culture has significant advantages, including the scale-up of
cultures, and also allows units of stem cells to be exposed to seiected culture conditions
as required in order to obtain the 'désmired growth and/or differentiation conditions. In one
embodiment, therefore, the disclosure provides a method for culturing stem cells and
differentiated cells derived from stem cells in vitro, comprising growing said celis .

adhered to a microcarrier or bead.



Figure 4 shows a further variation of the sprit-poo
met hod in which cell groups A, B and C are
partitioned into cell groups D,. E and F wi t hout
pri or pooling, whereas in a second step cell groups
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into cell groups G H and 10 Figure 5 shows a
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~especially human cells. Cells may be natural or

‘nmodi fied, such as by genetic manipul ati on or
passaging in culture, to achieve desired properties.
A stemcell is defined in nore detail below, and is a
toti potent, pluripotent or tnultipotent cell capable
-of giving rise to nore than one differentiated cel
type. Stemcells may be differentiated in vitro to



Totlpoten A totipotent cell is a cell with the
poet-enti-al—to—di-fferentiate-rnto—any typeof —somatiT
or germcell found in the organism Thus, any desired
cell may be derived, by sone-neans, froma totipotent

cell. Pluripotent A pluripotent cell is a cell which
may differentiate into nore than one, but not all

- cell types. Label A label or tag, as used herein, is
a means to identify a cell yhit and/or determ ne a
culture condition, or a sequence of culture

b 8@3%319%3\4%@ k¥ o gt eﬁ@bﬁumaﬁrdmmmww"dﬂ
AigppotosrpydanupranSBEoR Py, oot P Rtoedigeh: SREE

begi nni ng or the experlnent which is nodified

3‘?&%? {nﬂ&g g@‘{e irié(%% s%dﬁ&mnemg splithdobr dunge strapse ES

i'S expose

P, (sl wort GOBnORCY TR B irpeaier N &S TRy g oM @) or
iﬁl@ﬁ ’Z 19 PBsIRdwRes 1,4/ fophe wity 1 pRGLIBR(.58. &:ﬁ wel uM

evice t hat rep orﬁ or records t Iﬂfe LRSS ahd BfunRient Afounts
i Rpineie AgiddR.68. % IV %l"fa sare pahef/i one tine, or asslly:%ra?d oBvde
"%,ggﬁ,jéoggartb |PbReﬂ{thtang¢mdeQ§Ié¢ primer for ﬂ&mnﬁﬂ (003;4)

t | ﬂ@};@w biaineifeaiintnides celis

s?ﬁ%?@? deh?g%ssage g&i flu P e oy

S et Greslas st ol FEEL B Phpmapts ar of
%ﬂ&&ﬂ%&ﬁﬁéﬁmﬁkd Q@b@gé gei.wuaf meUPCR, peodvalskWhighs atsr indicated

apes EX r seonditions A cell is
AebEgRety BHI! g‘ﬁ?age %r-? r%}&\r}\}nen it is P edin
cont act with a medium or grown under conditions

“ﬁg& (il PPING" of ol Ranchs des Sytedsx 3 UniprogTiers
-OWM

, f
it 0 S R B SH g v
. CiltehpteRidingTTh end eiblved undar phage WC}tEﬁ’Q fugrepognge Eﬁ)ﬁjé

hg‘é}?%e‘%“u@&‘%{mfﬁsﬁ%éﬂ@@wﬂﬁf (@) of wlth (G Hiamoss finked bici‘in

kew se, |If the con | ,
t enjptesatstained cwitt ﬁi{qp@ﬁygim-qoﬁigdcé:m é éa'i' Cng?fﬂﬂ% nt beads and

d@sidEthdbEIHRASS &, o) énd fRoestange (Fal) plsoiscay- of one or

more groups of cell units involves the adm xture of

the groups to create a single group or 0J

c Gﬁﬁfel 1sehowekbeling pf cell ukitsnBytedex ama@,?ngeegg@ 6} % ﬁ%ls expressing

t??é b il prbigl Svdie RBelek wls A fluorestsnt lattiaiead® gnd examined
EPEnt Set's o

d |
s eftt i 30 eiadey bk g‘fh‘%“g’[ u&g'l ) ridis W) V'M U?ﬁg phase

elt her rand 0
N@fitrogeapd@by ancsmfflgaswqjﬁtecéﬂr@elhfﬁ Eﬁ 196 Figel ”3‘?:58?{1‘1‘%

“for~the present purposes, but naythenselves be pool ed

by -conbi nati on, for exanple after osure ¢
diFfgleer dmsmsslamﬂmeupft tioe PARIFIPRS SE ‘?r%er at P"gnd'ﬁeren

‘. {I Qﬁ%ﬂéisa &k b nﬂér@dahfe& \adré tnoulzated mﬁtely with red or green
i nt.er

bl ! i3yl t ,
céTTﬂ’P"?i-ﬂﬁﬂ)%?a '9%35’ "Eﬁ?i Eh'xfe?er eﬂﬁ at i onjﬁ-l:m‘r?t‘lmSfa Vet Qf:g phase

&Hjl fferent Bis a
C eridrodappe $A)oand| witkefitgesto defech BFER (hpryEed -
de”Oteg hH{bP&ﬁﬁSf Sp V@R a8eis Slelrettiyrbeteded, Bné hie sighificpnt fransfer
pr"%?qu ar I'S not acconpani.ed by appreciabl e .

c ohlabels wandgied9tbt ype or genotype. Differentiation

Cell differentiation is the devel opnent froma cell
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18 steps or conponents such as signalling events

characterised by the presence of a characteristic set
of enzynes or internediates. Gene A gene is a nucleic
aci d which encodes a gene product, be it a

pol ypeptide or an RNA gene product. As used herein, a
gene includes at |east the codi ng sequence which
encodes the gene product it may, optionally, include
one or more regul atory regidfis necessary for the
~transcription and/or translation of the coding
JegneRdas s douhle labelsdhuct A gene product is typically a
‘protein encoded by a gene in the conventional manner.
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. Tusion protein'and biotinylated CtﬂﬂSphér G micrecarriers labelied with strefavidin-coated
~ red-fluorescent, ipm latex beads {Sigma), observed under phase microscopy (E), and
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red fluorescent tags, respectively. Panels H - K: Calibration of FACS using a confrol
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and side-scatter parameters (H; boxed area) and the characteristic fluorescence intensity
in the FL3 fluorescence chaﬁne’l {1). FACS analysis of a single proteolyfically digested
cell unit labelled with 1pm red-flucrescent fatex beads (Sigma), can be carried out by
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19 across nearly all stages of the pharmaceutica

grug—ei-scovery—antd—devetopnent—process,—and are
val uabl e in providing informati on about how a
conmpound is likely to interact in a biologica
~system not just about how'it interacts with a
‘potential drug target in isolation. For exanple,
cel |l -based assays can be used to identify and
val i date potential drug targq% Cel | - based assays
have been devel oped that can'be used to Identify
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gdes, or to neasure phenotypic changes that may be
i nduced upon activation of certain genes or their
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cancer. In order for cell replacenent therapy to
‘becone feasible at | east two major breakthroughs in
stemcell research are required_ First, conditions
for growing stemcells to sufficient nunbers need to



It is clear that the key to overcom ng these

obstacles Ties in dévising suitable nmethods of cel
culture for stemcells and their derivatives.

However, because of the reasons expl ai ned -above -

nanmely the | aborious process of triat and error

i nvol ved in the evolution of cell culture techniques

- the task is particularly difficult. Hence one of

the .applications of -the i nvéfiti on described herein

-is in the elucidation of techniques for the . growth

and differentiation of stemcells. Types of stem cel
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Rf°e medi um I n the absence of serum t hey
dlfferentlate into neurons and glial cells; with
‘addition of 3% serumthey differentiate Into
snoot h-nmuscl e cells; and increasing the serumto 10%
causes the SKP cells to differentiate into
adi pocytes. Adult stemcells have so far been
reported In tissues as diverse as the nervous system
the bone marrow and bl ood, the liver, skeletal
muscl e, the skin and digestive system In addition to
the adult stemcells there are nunerous types of
-progenitor or precursor cells. These are cells that



22 Recent evidence even suggests that differentiated

eet-t—types—are—capabl-e-of-—changi-ng phenotype—This
phenonenon, termed transdifferentiation, |Is the
conversi on of one differentiated cell type to
another, with or wthout an intervening cell :
division_ It was previously generally accepted that
the termnal differentiated state is fixed, but it is
now clear that differentiati@gp can sonetinmes be
reversed or altered. In vitro protocols are now
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The factors that have been used to i nduce directed

differentiationof Stem<cell's include: retinoic add,

- epidermal growth factor (EGF), bone norphogenic

proteins (BMPs), basic fibroblast growth factor

(bFGF), activin-A transformng growh factor beta-1
(TFG hepatocyte growth factor, nerve growh factor,

soni ¢ hedgehog (SHH), interleukin-3 (IL-3),
~interleukin-6 (I1L-6), granul agyte macrophage col ony
stinulating factor IGWGSF), etythropoletin, vitamn
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Conmon variables in tissue culture In devel opi ng

condt-tions-for—the successful—cutrture of "a particul ar
cell type, or In order to achieve or nodul ate a
cellular proc,ess, it is often inportant to consider
a variety of factors. One inportant factor is the
deci sion of whether to propagate the cells in,
suspensi on or as a nonol ayer attached to a substrate.
Most cells prefer to adhere {p a substi ate although
sonme, including transfornmed cells, haematopoietic
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The gas phase of the tissue culture is also inportant

and its conposition and volune whi ch shoul d be used

can depend on the type of medium used, the amount of
buffering required, whether the culture vessel is

open or seal ed, and whether a particular cellular
process needs to be nodul ated. Common vari abl es

i ncl ude concentration of carbon di oxi de and- oxygen.

O her conditions inportant t26 tissue culture include

the choice of culture vessel, anmount of headspace,
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advantages of this nmethod is that ti ssue culture can
be mniaturised: relatively fewcells are required to
colonise a mcrocarrier bead (see below) conpared to

. even the snmallest tissue culture flask. A further

advant age of growing cell units formed on carriers is
that cell culture can be scaled up. G owh of stem
cells on carriers offers a way of scaling up



In contrast, when cells are grown on smal l er carriers

they--can-be-t-reat-ed—as—a-suspenst-on—eul-t-ure—Aconmon
nmet hod of growing cells on small carriers is referred
to as mcrocarrier cell culture (see Mcrocarrier
cell culture. Principles and Methods', EditionAA,
avai |l abl e from Anersham Si osci ences (18-1140-62);
herein incorporated in its entirety by reference)
Mcrocarrier cultures are usgd comercially for
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Cell entrapment is a sinple nmethod for the

rmobitTsation of groupsof "certTs,akin to the Use of
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- factor. To calibrate the process if necessary, factor
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root ganglion outgrowth bioassay for neurotrophic



pooling, splitting and culturing; dependi ng on where

ohe—ent-ers—the—cycley—ceH—uni-ts-attows systematic
sanpling of many different conbi nati ons of cell

cul ture conditions. The conpl exi 4r of the experinent,
or in other words the nunber of different

conbi nations of cell culture conditions tested, is
equal to the product of the nunber of different -
conditions (X1 x X2 X ... X0 manpl ed at each round.
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Split-split cell culture The purpose of perfom ng
split-pool processes on cell units is to



Fol  owi ng each round a cell culture, or after a

defined—nunmber of 1oundsS, The Cell uUnits can be

studi ed to observe any given cellul ar process that

may have been affected by the tissue culture
.conditions.. The exanpl es below are illustrative and

not intended to limt the scope of the invention.
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particul ar phenotypic marker (For instance see
Appendi x E of Stem Cells: Scientific Progress and
Future Research Directions. Department of Health and
Human Services. June 2001; appendi ces incorporated
herein by reference). A genetic marker may al so be
exogenous, i.e. one that has been introduced into the
cell popul ation, for exanple by transfection or viral
transducti on. Exanpl es of - exogenous markers are the
fluorescent proteins (e.g. GFP) or cell surface
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fluorescence detection, etc. O particular interest
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IntI Ed Engl, vol. 37, p926; Lunmirtex Corp, Austin
TX, USA; BD Bloscienres; Menmobead Technol ogi es,
Ghent, Belgium, or where a pattern or bar code is
etched onto a substrate such as a ceram c bar and
recogni sed using pattern recognition technol ogy (for
exanpl e see 1997, Xiao et al, Angew. Chem Intl Ed
Engl, vol 36, p780; SmartBead Technol ogi es, Babraham




ly, it will be clear that perform ng cell
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xpeti ts—n-whichvartous —condfTi ons are
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those conditions with respect to a particul ar
experimental outcone. It would therefore be possible
to evaluate 41 each of the conditions sanpled In a
manner -according to the invention by repeating the
experiment a nunber of |inegl each tine omtting a
different set of conditions. Split-split cell culture
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| An important aspect of the present invention is that groups of cells {cell colomes) can be
" grown in cell culture under vatious conditions and that the colony can largely raaintaln its
integrity under vasious condiions, when disturbed, and when mixed with other colonies.
Such groups or colonies are referred to herein as call units. Formation of cell units may
be achieved, by way of illustration, by growing cells as adherent cultures on sofid
sybstrates such as cariers. If celt proliferation occurs after seeding on the carriers, the
daughter cells will attach on the same carrier and form part of the same colony. In
generai, live adherent cells do not readily dissociate from their growth substrale, and so
the integrity of the cell colony persists despite any mechanical mampulation of the
carrier, agitation of the culiure medium, or transfer into another tissue culture system.
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(rBD@cariigy hﬂad {$e abﬂb:m}mamgsegy@ eénshe sma!test fissue culture fiask. A
_ further advantzge of growing cell units formed on carriers. is that cell culture can be

scaled up. Growth of stem cells on carriers offers a way of scaling up production to
provide énough material for stem cell therapy. Equally, differentiation of stem celis on
- carriers offers a way of scaling up pi’,oduc_tiun as differentiation proceeds, eventually
providing enough- material for cell replacement therapies. Scale up of such cell cuttures
requlres at least 50g (dry weight) of microcarier, preferab!y, 1009, 500g, 1kg, 10kg or
‘more. -

Another important advantage of forming .cslf urits on solid substrates is that the
‘substrate — and therefore the attached cells by reason of association - can be labelled by
various means.

- Glass spheres of 3mm and Smm have been widely used as cell adhesion substrates,

'-parﬁcuiarly in glass bead bioreactors (é.g. such as -manufactured by Meredos Gmbh) '
‘used for the scale-up of celi cultures. These beads are typically used in packed beds
 rather than batch culture, to avoid mechanical damage to the adherent cells.

In contrast, when cells are grown on smaller camiers they can be treated as a
suspension culfure. A .common method of growing cells on small carriers is referred oas
microcarrier cell culture (see ‘Microgarrier cell cuiiure, Principles and Methods’, Edition
AA, available from Amersham Biosciences (18-1140-62); herein incorporated in its
entirety by reference). Microcarrier cultures are used commercially for antibody and
interferon produé:ﬁon in fermenters of up fo 4000 litres. A variéty of microcarriers is
‘avaitable, ranging in shape and size and made of different materials. Microcarrier beads
- 1made of poiystyrene (Biosilon, Nunc), glass (Bioglass, Solohili Eng), coliagen
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. SRS Ussd in @ e nmgj. ome of the carriers described and many bes;des areg
ava:iabie as dried products which can be accurately weighed, and subsequently
prepared by swelling In liquid medium. In addition the number of cells used to inoculate a
microcarrier culture can be warked out and vaned For instance a culfure of Cyfodex 3
(2 ghiitre) inoculated at 6 cells per bead wﬂ[ give a cullure containing 8 million

microcarriers, on which 48 million cellsflitre are grown at a density of 5x10% calls/en?®, '

Harvesﬁng of cells grown on microcarriers, or liberation of labels from microcarriers (see
‘below), can be achieved by enzymatic detachment of cells, andfor by digestion of the
carrier where applicable: gelatin camiers can be solubliised by frypsin andfor EDTA, |
-collagen carriers using collagenase and dexiran caniers using dextranase.

in addition to solid or porous microcarriers, cells may be grouped by immurement, i.e.
honﬁned within a medium permeable barrer. Membrane culiure systems have been
developed where a permeable dialysis membrane retains a group of cells, but allows the
culture medium and its consfituents fo exchange freeiy with the inner and outer
compariments, Cell culture in holiow fibre cariridges has alse been developed, and a
mulfitude of fibres and even tum-key systems are commercially available (e.g. from
‘Amicon, Cellex Biosciences). Cell encapsulation in semi-solid matrices-has also been
‘ “developed, where cells are immobilised by adsorption, covalent bonding, crosslinking or
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One skilled in the art will envisage, in addition to the above methods of creating cell
units, other methods of creating groupings of cels induding forming 3D cultures of cells
_such as newal spheres or embryoid bodies, or using Hissues and indeed whoie

organisms such as Drosophila or C. elegans.

Cell units, or the substrates of which they are comprised, can be associated with a
 particular factor including, but without limitation, proteins, nucleic acids or oiher
: i-chemlcals such as drugs. Pre-conditioning of substrates can be achieved In many ways,
for instance simply by Incubating the substrate with the factor of interest, or by attaching
' the factor covalently or non-covalently fo the substrale. Soluble factors can be
. ihcorporaied into dry malerials by impregnation. This technique relies on the rapid
ingress of liquid, canying soluble factors, info dry porous material that concomitantly
becemes swollen and ready for use. Solid factors can be incorporated fer example by
msxmg the faclor in fibrinogen with thrombin solution, at which point a fibtin clot
containing the factor is formed. Multiple other ways can be envisaged of associating
factor(s) with a cell group, in addmon to impregnating, entrapping or encapsulafing the

‘factor together with cells.

A method for associating a cell group with a number of different factors is to pre-form
cocltails of factors which are subsequenﬂy associated with a parficuar cell group. A
second method would be to senatly condition cell groups in a number of factors. Using
dry formutations of celf ‘group growth substrates as an example, this method would
invclve firstly parfially swelling the substrate in a solution oontain_ing a first factor and
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subsequently further s@eﬂing the same in a solution containing a second faclor, resulting
in a substrate to which both factors have become associated. By devising a systematic
pratocol of associating cell groups with different combinations of different factors it wilt be
possible to sample the effect an the cell group of any combination of a set of factors.

Regardless of the methbd used to condition celf units with faciors, the factors are taken
up by cells that comprise that cell unit. Factors leaking into the growth medium are
diluted fo such an extent that their concentration falls below physiologically relevant limits
and they have no effect on any additionat cell group to which they are exposed. The
diffusion of the factor out of e.g. the substrate forming part of the cell urit is governed by
parameters such as the nature and dimensions of the material, the mean pore diameter,
and the molecular welght and concentration of the factor. Te calibrate the process if
necessary, factor release can be measured by physical assays such as HPLC analysis
or release of labelled facior into the medium; or by biological assays such as the dorsal

. root ganglion outgrowth bicassay for nerolrophic factors,

Combinatorial serial culture of cells
Split-pool cell culture

Forming cell units (particularly microscopic cell units) is furthermore useful for sampling
myftiple issue culfure conditions as each celt unit constifutes an easily handled unit that
can be exposed to & variety of cell culture conditions. For simplidty, in this discussion we
will assume that cefl groupings are produced by growing cells in microcarrier culture, and

the terms celt unit, cell group, colony.and bead are used intemhangeably. However, the

‘methads described are equally applicable to any cefl unit, for instance those described
above. A particularly efficient method for sampling a large number of cell culture

 conditions is referred to as Combinatorial Cell Culture or split-pool cell culiure (Fig 1 and

2) and in one enibodirment involves the serial subdividing and combining of groups of cell
units in order fo sample multiple combinations of cell culture conditions. In one aspect of

3 the invention the method operates by faking an inifial starter culture {or different siarter

cultures) of cell units divided inte X, number of aliguots each containing muitiple beads
{groups/colonies/carriers} which are grown separately under different culture conds‘ﬁmé.
Following cell culture for a-_given fime, the cell units can be pooled by combining and
mixing the beads from the different afiquots. This pool can be spiit again inio Xz number

of aliq_uots, each of which is cultured under different;condiﬁons for a period of fime, and
-subsequently also pooled. This iterative procedure of splitiing, ctituring -and pooling (or
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pooling, spiiting and culturing; depending on where one enters the cycle) -cell units
aliows systematic sampling of many different cambinations of cell culture conditions. The
complexity of the experimént, or in other words the number of different combinations of
cell cuiture condttions tested, is equat io the product of the number of different conditions
(K X XX ...Xg) sampled at each round. Note that the step of pooling alf the cell units
- prior 1o a subsequent spiit can be opfional — a step in which a limited number of cell units
are pocled can have the same effect, as is Mlustrated in Figures 3 and 4. The invention
therefore. embodies a number of related methods of systematically sampiing mulﬁple
combinations of celf culture conditions where groupé of cell units are handled in bulk.

Regardiess of the precise manner in which a diversily .of cell culture. conditions is
sampled by this means the procedure is efficient because multiple cell units can shére a
single vessel, where they are cultiwed under identical conditions, and it can be caried
out using only a few culture vessels at any one time (the number of culiure vessels in
- use is equal fo the number of spiit samples). In many respects the principle- of this
' procedure resembles  that of split synthesis . of large chemical libraries (known as
combinatorial chemistry), which samples ail poss:ble cornb:naﬂons of linkage befween
chemical building block groups (see for example: Combinatorial Chemistry, Oxford
University Press (2000), Hicham Fennir (Editor)). Splitppool call culture can be repeated
over any number of founds, and any number of conditions can be- sampled at each
round. So long as the number of cell units {or colonised beads in this example) is greater
_than or equal to the number of different conditions sampled over.all rounds, and.
- assuminig that the splitting of cell units occurs totally randomly, it is expected that there
- will be at least one cell unit that has been cultured according to each- of the various -
combinations of culture conditions sampled by the experiment. This procedure can be
used te sample growth or differentiation conditions for any cell type; or the-efficlency of
biomolecule production (e.g. production of erythropoeitin or interferon) by any celf fype.
Because the procedure is iterative, it is ideally stited io testing multistep tissue culture
profocols - for instance those described above In comnection with .stem cell
differentiation. The variables which can be sampled using this technique include celi
#ype, cell grouping (e.g. microcarrier culture, cell encapsulation, whole organism), growth
-substrate {e.g. fibronectin on microcanier), duration of cell culture round, temperalure,
different cutiure media (including different concentrations of constituents), growth factors,
" conditioned media, co-culture with various cell types.(e.g. feeder cells), animal ar plant
. éx;racts, drugs, other synthetic chemicals, infection with viruses (incl transgenic
:iémses),.addiﬁon of transgenes, addition of antisense or anti-gene molecules {e.g. RNAI,
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triple helix}, sensory inputs {in the case of organisis), electrical, light, or red-ox stimuli
and others. ' '

Split-split cell culture

* The purpose of performiing spiit-pool processes on cell units is to systematically expose
these to a pre-defined combination of conditions. The person skilled in the art will
conceive of many different ﬁweans of achieving this ouicome. lh addiiion 1o split-poo!
Processes and variations thereof, it is worthwhile briefly discussing split-split processes.
A split-spiit process invoives subdividing a group of cell units at least twice, without
infervening pooling of cell units (Fig. 5). i sjplit-sp'iit processes are used over a large
nureber of rounds, the number of separate samples thal are generated increases
exponentially. In this case it is important to employ some level of automation, for
example the use of a.robotic platfoun and sophisticated sample fracking systems. The
advaniage of split-split 'steps" is that (since cell units are not combined) it is possible to

- segregate Iineéges of the varous cell units based on their cell culture history.
Coris‘eqdenﬂy split-split steps can be used to deducs if a particular cel cufture condition
i responsible for any given cellular procéss and therefore used to deduce the culture
history of cell units (llustrated in Fig. 6, and explained in detail under ‘Determination of
- culttmre history of a cell unit'). _ :

Predetermined protocols

The splitting and/or pooling of cell units may be accomplished totally randomiy or may
follow a predetermined protocol. Where cell units are spiit and/or pooled randomly, the
segregation of a given cell unit irifo any group is net predetermined or prejudiced in any -
way. in order to result in a high probabliity that at least one cell unit has been exposed fo
“gach of the possible combinations of cell culture conditions, it is advantageous to employ
a larger number of cell units_ than the fofal number of combinations of cell culiure
conditions that are being fested. Under certain circumstances it is therefore
advaniageous fo split andfor pool cell uniis according to a predetermined protocol, the
overall effect being that adventitious duplications or omisslons of combinations are
prevented. Predetermined handiing of cell units can be optionally planned in advanoe
and logged on a spreadshe_et or computer programme, and splitiing andfer poaling
operations executed using automated protocols, for instance robotics. Labelling of cel
_'un‘rfs (see below) can be by any of a number of means, for instance labelling by RFID,
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optical tagQing or spétiai encoding. Robotic devices capable of determining the idenfity of
a sample, and therefore partitioning the samples according to a predetermined protacal,
have been described (ses '‘Combinatorial Chemistry, A practical Approach’, Oxford
University Press (2000), Ed H. Fenniri). Aliernatively, standard laboratory Kquid handling
and!dr fissue culture yobotics {for example such as manui‘acmred by: Beckman Coulter
inc, Fulierton, CA; The Automation Partnership, Roysion, UK) is capable of spatially
encoding the identity of multiple samples and of adding, removing or translocating these
according to pre-programmed protocols. | ' -

Analysis andlor separation of cell units

Following each round of cell aulture, or after a defined number of rounds, the cefl units
can be studied to chserve any given cellular process that may have been affected by the
fissue culture conditions. The exarmples below are illustrative and not intended to imit
the scope of the invention. '

Foliowing each rotind of cel cultire, or after a defined number of rounds, the celf units

. ¢an be assayed to determine whether there are members displaying ‘increased cell
'proliferati'on; This can be achieved by a variely of techniques, for instance by visual
".inspection of the cell units under a microscope, or by quantitating a marker preduct
characteristic of the ¢sil. This may be an endogenous marker such as a pasticular DNA
o sequence, or a cell proteinwwhich can be detected by a ligand or anﬁbody Alternatively
an exogencus marker, such as green fluorescent protein (GFP), can be introduced info
"the cel! units heing assayed to provide a specific readout of (living) celis. Live cells can
be visuaiised using a variety of vital stains, or conversely dead cells can be labelled

" using a variety of methods, for instance using propidium iodide. Furthermore the labeiled
cell units can be separated from unlabelled ones by a variely of technigues, both manual
‘and automated, including affinity purification (‘panning’), or by fluorescence activated cell

" sorfing (FACS) or broadly similar fechniques (Fig “17}. Depending on the application it
may be possible to use standard iaboratory equipment, or it may be advantageous o]
use specialised instrumentation. For instance, certzin analysis and soriing mstruments
{e.g. see Unioh Biomeliica Inc., Somerville MA, USA) have flow cell diameters of up to
one milimeter, which. allows flow sorfing of beads with diameters up fo 500 microns.
These insttuments provide a reading of bead size and optlcal densily as well as two
' ﬂuarescent emission wavelengths from tags such as GFP, YFP ar DS—red Sorfing
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speeds of 180,000 beads per hour and dispensing into multisvell plates or into a bulk
receptor are possible. | '

Following each round of cell culture, or after a defined number of rounds, the celt units
can be assayed fo delermine whether there are members displaying a pariicular

: ganotypé or phenolype. Genotype defermination can be carried out using well known
techniques such as the polymerase chain reaction (PCR), fluorescence in situ
‘hybridisation (FISH), DNA sequencing, and others, Phenotype determination can be
carried out by a variety of fechniques, for instance by visual inspection of the cell units
under & microscope, or by detecting a marker product characteristic of the cell. This may
he an endogenous marker such as a pariicular DNA or RNA sequence, orf a cell profein
which can be delected by.a ligand, conversion of an enzyme sthstrate, or antibody that
recognises a particular phenotypic marker (For instance see Appendix E of Stemn Cells:
Scientific Progress and Fulure Research Directions. Department of Health and Human
Services. June 2001; appendiées incorporated fierein by reference). A genelic raarker
may also be exogenous, 1.e. one that has been iniroduced into the cell population, for
example by transfection or viral iransductlon Examples of exogenous markers ate the
fluorescent profeins {e.d. GFP) or cell surface antigens which are not normally
expressed in a particutar cefl lineage or which are epitope-modified, or from a different
species. A transgene or exogenous marker gene with associated franscriptional confrol -
elements can be expressed in a manner that reflects a pa’ctém representative of an
endogenous gene(s). This can be achieved by assodlating the gene with a minimal cell.
type-specific promoter, or by integrating the transgene into a bar_ﬁciilar locus {e.g. sce
European patent No. EP 0895351). The ‘labelied cell units can be separated from
unlabelled ones by a variely of iechniques both manual-and automated, including affinity
purification (‘panning’), or by fluerescence activated cell sorting {(FACS). Nishikawa et al
{1998, Development vol 125, p1747-1757) used cell surface markers recognised by
antibodies to follow the differentiation of tofipotent murine ES cells. Using FACS they
were able io identify and purify cells of the haematopoletic lineage at various stages in
their differentiation. '

An alternative or complementary technique for enriching cell units of a particular
genetype 6:' phenotype is to genetically select the desired groups. This can be achieved
for instance by infroducing a selectable marker into the cell unils, and to assay for
viability under selective conditions, for instance 568 Soria et al {2000, Diabates vot 49,
p1-8) who used such a system to select insulin secréfing cells from  differentiatéd ES



1.12

TGCCAGGAAT TEECECEATGETAAL CGTGAAGACOEETCECEAGET300ED AC

CCGGGECEGAA t itci t,

TGCAGGAATI CGCGOTATGGT. AAGaTGAAGACAc anaGEGACCe g GGEECGAG

GGGGGGEGAATTCAE G 113

TGGAGGAATTCGGECTATtE RACc) i GN?GACAL A CGOCACGEI CCGGCGACC
. GGGCGGCGAMIGAE G 114

36

cells. Li et al (1998, Curr Biol vol 8, p 971-874) identified neural progenifors by
integrating the bifunctional selection marker/repdrier Pgec {which provides for p-
ga!at:tdsidasea_‘ activity and G418 resistance) into the Sox2 locus by homclogous
recombination in murine ES cells. Since one of the characteristics of newral progenilors
s expression of Sox2, and therefore the integrated marker genes, these cells could be
selected from non-neuronal lineages by addition of G418 after inducing differentiation
'using retinoic acid. Cell viability could be determined by inspection under a microscope,
or by monitoring B-gal activity. Unlike phenotype-based selection approaches, which can
be limited by the availability of an appropiiate ligand or antibody, genebc selection can
be applied to any differentially expressed gene.

Determination of thie identify or cell culture history of a cell unit

‘When handlmg large numbers of cell units, thelr identity and/or cell culture history {for
example the chronology and the exact nature of a series of culture condiions that any
one group or unit may have been exposed to) can become confused. For instance, the
spht—puo! profocel of celt culiure necesm!y mvolves mixing cell units in each round,
making it difficult to follow mdmdual units, Defermining the cell culture history of a cell
unit in a mixéure of cell units which have been subjected to multiple culture conditions is
sometimes referred fo as ‘deoonvohztson of the cell culture history. One method of doing
this is to label cell-units and it is the:efore advantageous fo labei the celi units. Labeliing
may be petformed at the beginning of an experiment, or during each round of an
 experiment and may involve a unique label (which may or may not be modified in the

- course of an experitnent) or a seﬁes. of labels which comprise a unique aggregats.

Simiiarty, reading of the labsi{s) may take place during each round or simply at the end
- of the experiment. Preferably, unique labels such as RFID labels are. read during each

‘round, whereas labels added serially at each rotind are read at the end of an experiment.

Labelling of cell units may be achieved by a variely of means, for instance labelling
eilher the cslls themselves, or any faterial to which the cells are attached or othenwise
associateds with. Any of the chemical and non-chemical methods used to en’coc‘ie

' synthetic combinatorial fibraries can be adapted for this purpose and some of these are
described in Methods in Enzymology Vol 267 {1996), Gombmatona! Chemistry’, John N.
Abelson (Editor); Combinatorial Chemisty, Oxford University Press (2000), Hicham
Fenniri (Editor); K. Brasckmans et al., ‘Scanning the code’, Modem Drug Discovery
{Feb. 2003); K. Braeckmans et al,, ‘Encoding -microcariers: Présent and’ Fufure



TGCAGGAATTCGCOGGTATGAE AACSGAAGACAAGT OlSOOACCCCGCGGACGC
CCOEGAALTCCTIG LAS 116
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TGCAGGAAT TCCCCCTATGCTAAMI GAAGACAgE CECCACCe CCECCGACCO
GGCCGAAI G

TOCAGI TCGCGCTATCGCT. AACGaGAAGACP Ge TCGCCACCHY CGCCGACCCG
GCCGAATI CC 1. 17

37

Technologies'; Nature Reviews Drug Discovery, vol. 1, p. 447-456 (2002) all of which are
hereirt incorporated by reference. Some examples of labelling methods follow.

One method of labelling cell units involves associating cell units with a tag that becomes

sequentially modified as it is placed in different culture conditions. This may involve for

instance’ the addition or subtraction of further units fo the tag such that lts

sterecchemisiry, sequence or mass is affered; or the alteration of electronic memory as
-in ‘read~write RF transponders (see below).

Another method of labelling cell units involves sequentially associating unique tags with
the cell units whenever they are culfured under different conditions, such that
subsequent detection and identification of the tags provides for an unambiguous record
of the chronology and ideniify of the cell cutture conditions to which the cell unit has been
exposed, Tags can be taken up by cells, or attached to the cell surface by adsorplion, or
a suitable figand or antibody, or conjugated to a ce!téasscdated malrix such as a caier
by adsorption, colloidal forces or a variety of linkages such. as covalent linkage or fion-
covalent linkage, e.g. biotin-streptavidin linkage. For instance, one simple tag that can be
introduced 1o cells or aitached to a malrix associated with cells is an oligonucieotide of
defined length andfor sequence. Oligonucleotides may comprise any class of nucleic
acid {e.g. RNA, DNA, PNA, finear, circular or viral) and may contain specific sequences
for amplification (e.g. ‘primer sequences for PCR) or labels for detection (e.g.
flucrophores or quencl'rers; or isotopic tags): The detection of these may be direct, for
instance by sequencing the oligos or by hybridising them to complementary sequences
{e.g. on an array or chip), or indirect as by monﬁoﬁng 'an oligonuclectide-encoded gene
product or the infefference of the nucieotzde with a eellular activity {e.g. anfisense
inhibiion of a particular. gene) An advantageous methad of amplifying nuclelc acids is by
rofling circle ampiification (RCA; 2002, V. Demidov, Expert Rev. Mol. Diagn, 2(6), p.89-
95) where nucleic acid tags can compiise RCA templates, elongation primers, or struls
shat aid the circularization of minicircie templates).

Any molecufar or macromolecular tag can be used so long as it can be defecled,
includirig peptide tags, coloured or iluorescent compoimds, secondary amines,
halocarbons, mixtures of stable isotopes etc. Tags may attach to cell units directly or via
an infermediary, for instance an antibody raised against a component of the cefl unit, or
via an interacting pair such as biotin-steptavidin. In addition tags can be protected
against degradation by the companents of the cell culture; for exampie by chemical or



TGCAGGAATI CGCGCTATGCTAACG) GAAGACAWCGCCACCGa CGC(I—?ACCCG
GOCGAATMCTG a. NM TGCA

GAATTCGCGCTATGCTAACGE GAAGAC‘ACaTCGCC‘ACCGI CGCCGACCCGEECC
GAATTCCTG
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other modification or by encapsulation. Encapsulation of tags can take place in many
different media, for example in beads many types of which are available from suppliers
such as Bangs Laboratories Inc. {Fishers IN, USA), and encapsulation may be used to
standardise tag dosage in addifion to providing components for tag-amplification andior
‘detection (for example by providing PCR ptimers for use with a DNA tag). A preferred
method of iabelling cell units employs fluorescent beads such as those manufactured by
Luminex Corporation (Austin, TX, USA). The Luminex sysiem comprises polystyrene
beads which may or may not be exiernally derivatised (e.g. with avidin or anibody) and
are intemally dyed with differing ratios of two spectrally distinct fiorophores, and a
reader which Is capabie of mafacieﬁsing the speciral signature of each bead. A further
preferred method embloys beads such as those marnufactured ‘by Bangs Lahoratories
Inc. (Fishers N, USA). The Bangs system comprises bead sets which can be
distinguished based on differing sizes (e.g. bead sets of 4.4um and 5.5pm diameter).
Beads within each set can be furthermore distinguished from each other based on
dlffenng fluorescence intensity owing fo differential loading with a single fluorescent dye.
It is possible to use many different dyes with different absorption or amission
characteristics, which can be internally loaded or attached extemally to camiers by &
muliiplicity of means. It is furthermore possible o use ‘quantum dots’ to obtain a very
high number of different fluorescent labels which can be read convenienty,

Celi growth subst}‘at&e such as those described in connection with forming cell units can
" be derivatised or coated with substances that facilitate tagging and do. not interfere with
cell growth. A preferred method of derivatising caniers is fo mod‘rfy them covalently or
non-covalently with biotin, fo which a tag can be altached via streptavidin or avidin. In
general it will ba important to use a tag that will not ftself induce a cellular sffect (ie. an
inert tag), and that can be distinguished from molecules present in celt units or the
culture media, and that can be aftached fo its target and subsequently detected in the
background of such molecules. To faciiitate detection, it may be advantageous fo
selectively elute tags fram cell units or to sirip off the cells from celf units using selective
conditions. More complicated molecular fagging slrategies can also be envisaged,
including the sirategy of ‘binary encoding’ where information is recorded by a set of
‘binary codes assigned fo a set of molecular tags and their mixtures. :

Detection of tags can be accomplished by a variety of methods familiar to those skilled in
the art. Methods include mass specirometry, nuclear magneﬁc resonance; sequencing,



TGCAGGAMI CGCGCTATGCTAACG: GAAGAGACY TCGCCACCE CGCOGACCC
GECCGAATTCCTIG
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hybridisation, antigen detection, electrophoresis, spectroscopy, microscopy, image
analysis, flucrescence deteciion, etc.

Of particuiaf interest are labeliing or encoding strategies in which labelling is carried out
only once or where labelling andfor detection are non-physical and therefore non-
invasive. Radiofrequency [dentification (RFID) is an example of a system exhibiting
these properties. RFID employs irariqunders (RF tags), antennae and readers. An RF
tag is a small electronic cirault, usually encased in glass or plastic, which in its simplest
form provides access to a unique identification code that may be ‘read’, without contact
or line of sight, by suitable electronics. Tags may also store information generated by the
user, again without contact or line of sight. A ‘reader’ is an electronic unit that transfers
information to and frorn one or more tags (it should be noted that the term reader is used
inferchangeably to mean both a read only and read/write unif). The size and features of a
reader may vary considerably, and it may operate in isolation, or be connected to a
rremote computer sysiem. An antenna s used fo transmit information from a reader fo a
tag, and to recelve information sent by an RF tag. The size and format of an antenna will
reflect the specific appﬁcéﬁpn, and may range from a small circular coil to large planar
structures. An RFID system may operate in isolation, or be connected to a remote
_ computer for more comprehensive interpretation and manipulation of identification and
associated data derived from a tag. One RFID stralegy used in combinaorial chemistry
is described in Nico!ao_uﬂet al (1995, Angew Chem Indl Ed Engl, vol. 34, p. 2289) and
:;Somprises: (i) a porous enclosure containing a synthesis substrate and the
semiconductor tag; (if} the solid phase synthesls resin; (iif) a glass- encased Singls or
-Multiple Addressable Radiofrequency Tag semiconductor unit wpab'[e of receiving,
_storing and emitting radiofrequency signals.. A similar device could be adapted to
growing and 'fbllowing celf units simply by replacing the solid phase synthesis resin with
fissue cultwre microcariers or suitable cefl units. More variations of this can be
envisaged including but not limited fo {coated or uncoated) RF tags on which cells are
grown directly, or RF tags impianted into cell units or organisms.

. Thus tags do not necessarily have to be distinguished by their chemical or molecular
structure in the first instance. Multiple variations of the non-chemical tagging strategy can
be devised fo determine the identify of a given cell unit in a mixture or of deducing the
identity of the different celf units that comprise a mixture. For instance optical or visual
methods of tagging have been desaibed where different shaped objects, graphically
éncoded‘ébjects' or different colotrs denofe the identity of a sampie {for example see
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their simplest forms such arrays can comprise collections of tissue culture flasks, wells of
a multi-well plats, or locations on a glass slide or other surface. Examples of positional
ehcoding strategies can be found in Geysen et al. {1984, Proc Natf Acad Sci USA vol.
81, p. 3998-4002), Fodor et al. (1991, Science vol. 251, p. 767-773), Ziauddin and’
- -Sabatini (2001, Nature, Vol. 411, p. 107-118), and Wu et al. (2002, Trends Celi Biol. Vol.

12(10), p.485~8).

The invention has many facets, each of which may have many forms that may be
combinied 1o form numerous permutations of the invention. It will be apparent that it is not
necessary to kabel all of the cell units in order fo be able to deduce infermation about the
outcomes resultant from a combination of call culture pmmco!s Thus without fabelling of
cell upits it would still be possible to assay large combinations of cell culture conditions’
-according to the invention, and to determine whether one or more of these was capable _
of resulfing in a particular celiular offect. However, cell units are preferably labelied.
~ Labeling of a cell unit allows the derivation of useful infonmation from the experiment

 regarding the outcome of the particular conditions sampled by the fabelled cell unit, as
opposed to all the cell units. Alternatively it is sometimes advantageous to labelone ora
few group(s} of cell units which have all been exposed {0 a certain culture protocol, for
instance a group of cell-units which have been segregated into the same medium during
a particular split or pool step. it will alse be apparent that labelling cerfain cell units
allows one fo infer the identity of other (perhaps unlabelied) cell units.

Simitarly, it will be clear that performing cell cuiture experiments in which various-

conditions are omitted can give information regarding the ufility of those condifions with -~ .

Tespect to a particular experimental outcome. It would therefore be possible to evaluate
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FRRMARBrBIRbAERIRHEERSEMERINVER celip W dissociated into a single-cell -
suspension by 0.05% frypsin and 0.04% EDTA in PBS and plated orfo nonadherent
- bacterial culture dishes at a density of 2-2.5 x 10* cells cm? in the medium described
ahove. The EBs were formed for four days and then plated onto adhesive tissue cultu;e
.surface in the ES cell medium, After 24 h of culture, seleclion of nestin-positive cells was
accomplished by replacing the ES cell medium by serum-free ‘Insulin / Transferrin /

Selenium / Fibranectin {ITSFn} medium and incubating for 10 days.

These nestin-posttive cells were used as the staring material for a splitpool culiure
experiment. Specifically, the cells were dissodiated by 0.06% typsin/0.04% EDTA, and
seaded on >10,000 giass bicspheres (Whatman, UK) at approximately 1.5-2 X 10° cefls

cm®. Tissue culiure dishes used henceforth were made from non-adherent material.
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Sterile glass beads wé’re pre-coated usirig polyomithine (15 mg mi ) and faminin (1 pg
mi', both from Becton Dickinson Labware, Bedford, MA). The beads were divided
randomily into four sets, each of which was incubated in one of four fissue culture media
. {denoted A1, A2, A3 or A4) whose composition is given in Table 1 below. These are
‘based on N2 medium modifisd according to Johe et al. (1996, Genes Dev, vol 16, p
3128-3140) and which is henceforth feferred to simply as N2 medium.

A1 | N2 medium supplemented with 1 pg mi™ of laminin.

AZ | N2 medium supplemented with 1 pg ml* of lamimin, 10 ng ml' of bFGF (R&D Systems,
Minneapolis, MN}),

A3 N2 medmm supplemented with 1 ng mi" of laminin, 0 ng mi™ of bFGF {R&D Systems,
aneapo[’s, MN), murine N-lerminal fragmeni of SHH (500 ng ml -1, from R&D
Systems}.

Ad | N2 medium SUppIemented with 1 pg ml" of lamimn, 10 ng ¥ of GFGF (R&D Systems,
Minneapolls, MN), murine N-terminal. fragment of SHH (500 ng ml -1, R&D Sysiems) and
- murine FGF8 iscform b (100 ng mf*, R&D Systems).

Table 1

The four sets of beads were exposed to the respédive tissue culture media for two days

‘and then beads from al four cultures were pooled, washed briefly in N2 medium, and

again spiit into four sets each of which was incubated in one of media At-A4. After two’
days this procedure Was repeated again, in order to sample cell culture in various

_combinations of media A1-A4 over a six day period. After this time, beads from all four

“culiures were paoled, washed briefly in N2 medium, énd randomly split intc four new

sets each of which was incubated in one of four new media (denoted B1, B2, B3 or B4)

whose composition is given in Table 2 below.

Bl N2 medium suppleémented with 1 ug ml ™ of Iamlnin,. 10 ng.ml ™ of bFGF (R&D Systems,
Minneapolis, MN), murine N-terminal fragment of SHH (500 ng mi ', R&D Systems) and
murine FGFS isoform b (100 ng ml ™', R&D Systems).

"FB2 | N3FL medium: DMEM/F12 (1:1) medium containing insufin (25ugfml) transferria
" | (s0ug/ml), progesterone’ {20nM),puitrescine (100uM), selenium chloride (30nM), bFGF
*(5ngiml) and larinin (1pgiml), ' ' .

B3 N2 medium supplemented with 25mM HEPES {pH 7.4, Iamimn 1mgmi ™, cAMP {1 M,
Sigma, St. Louis, MO} and ascorblc acid (200 uM, Sigma, St. Louis, MO).

{84 | N2 medium supplemented with laminin (1 mg mi ), cAMP {1 pM, Sigma, St. Louis, MO)
and ascorbic acid {200 uM, Sigma, St. Leuis, MO).




TCAAGAGT GAGT CAGAGCAACCGG CCTGAAGCGTGGTGGTAG 4

ACGTGT TGAGGCGAT TCCAAG  TCAT GAGGAAGCOTAGE GC 3,4
TGAAGAGAGOGGAGAAGGAGATG TCTGGAGTTAAGAAATCGGAGCTG
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Table 2

 Fach round of culture was for five days, then beads from all four cultures were pooled,
‘washed briefly in N2 mediumn, and split into four sefs each of which was again incubated
in one of media B1-B4. This procedure was carried out a total of three times, such that
the beads were present in the B media a total of 15 days. '

Inchuded In the composition of the different culture media was a unique oligonuclieotide
label that adhered to the glass microcarriers {or cells) in small quantitics and was
subsequently amplified and analysed in order to deduce the whereabau%s of a
microcarrier bead at any time in the split pool culture regimen. The DNA sequence of
" each label differed so as fo distinguish between the different media (i.e. medium A1 vs
medium A2) and also exposure to the same medium on two different rounds of spiit pool
culture (i.e. medium A1 used on Day 0 vs on day 4). A summary of the split pool culiure
regimen in the various media over a total of 21. days is given in Table 3 below. Each
entry in the fable also shows (in parentheses) the identity of the label included in the

fissue culture flask. The full DNA sequence of the label is shown in Table 4.

Day 0

"Day 2 Dayd | Day6 Day 11 Day 16

Y5

At (L5) A1{9) - | B1(L13) B1 (L17} B1 (L21)

A2 (L2)

A2 (L8) | A2 (L10) B2(L14) | B2(L18) - | B2(L22)

A3 {L.3)

AT |AS@iiy | Ba{Li5) | B3(L19) | B3 (L23).

S [ME ML) | BA(I6) | BA(20) | B4(29)

Table 3

TGCAGGAATTGCECGCTATGC TaACET GAAGCCACGTH CECCgCCGCCRCCEACECE GGGGAATI’GCT G

TGGAGGA;ATFGGCGUTATGGTQACGTGAAGEACGT C@GCaCGGGCGGCGACCCGGCCGJ_\Aﬂ‘CGTG :

. TGCAGGAATTGGCGCT ATGCTGAGGTG‘\AAGaCACGT CGGOK?CGCGGCCGACCCQ@QQQM ITCCIG

TGCAGGAATTCOOGLTATCOTHACE T GMGQG‘\GGT CGOOGCCGGCGOCGMGCCGM! ICCTG

TGCAGGAATTC{;CGCTATGCTAaCGTGAAGAGACGT GGGCAQCGCCGGCGACCCGGGCGM’!‘TGGTG

TGCAGGAAT[’CGCGCT ATECT AQCGT CAAGAAGGT CGG(H\aCGCCGCOGAMGGGGCGAAﬂmTG

] @A_G%TTGGCGCT ATGGT ACE TGAAGAEAC&'GGGCMGGG‘CGCCGACGCG GCCGAA‘ITCGT G

rEEEEEGEE

TGCAGGAATTCGCEUT) ATGCT ACGT GMGAQAGGTOGCCAOGGGUGGGGACCGGGGGGAA]TCCTG

TGCAG ﬂ!GGGGCTALG_GTMaGfGAAGACGCGTCGCCAGQGGGGCCGAGCCGGCGGAAﬂGCTG i

L0

?GGAGGAATTWGCTATGCTAAQGT BAAGACICETC GGCMEGGCGOGGAOGCG GCCGAATTCCTG

L

TGGAGGAATWGCGCT ATGCTAACGT! GAAGACECGTCGCCAWGGGOGGAATTGG?G

Razp

TGCAGGMTTCGGGCT ATECT, MIGTGAAGACQCGTGGCGACGGCCGGCGACCCGGCGGMTFCGFG

L13

TGC&GGMTTGGGGCTATGCT AAGETGAAGAGAGGTCG(X}‘\COQCGGGCGA GCCEAATT GCIG .

4 L4

TGCAGGAATTCGCGCTATGCTAALGT GAAGAGMGTCGGCAGGBGGGCCGAGCGGGCGGAATE‘GCTG

T

GGAGGAATTGGCGCTA} GGT. MCGTGAAGACAaGTCGCCACCtC’CGCGGACCQGGCCGMTTGCTG
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Exanpl e 9- Labeling of cell units by fluorescent,
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Example 7 —Labeling of cell units using RFID
-Glass-encased D 100-A fransponders (Yrovan) were freated for 2 hours with 1 N
‘Hydrochloric acid, washed extensively with de-ionised water, then incubated for 2 hours



anal ysing events in the appropriate (green or red)
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Tau-GFP fusion transgene maintzined in ES cell medium with LIF {C emicon) on
gelatin-coated plates were dissociated info a single-call suspensi_on by frynsin treatment.
The cells were washed once with ES cell medium, resuspended in ES medium at 10°
celisiml., and 250 pi. of suspension was spotted onto each tag. After incubation of one
hour under standard culture conditions (37°, 5% CQ;z), 1.5 ml of additional ES medium

- was added and the plates retumed to the incubator.

_ Transponders were also seeded with with the human hepatoma cell fine HepG2, and the
mouse STO cell derivative, SNL. The pre-treatment and seeding process was performed
as desciibed for the ES cells, but the cells were maintained in DMEM with 10% FCS.

" The adherent culfures were observed _with a dissecting microscope, and flucrescently-
tagged cells visualized using epifiuorescence (see Figure 10). The various cell types
adhered, showed a normal spreading morphology, and proliferated on the transponders.
The labeled cell urits could be maintained for weeks with no obvious deterioration of the

el units or the labels. The unique identity of the cell units could be registered with a
' TMan pb_cket reader without perturbing the cell culture conditions or the maintenance of

the cell units. ' '

' Examplé 8~ Laﬁeling of celt units by flucrescent, molecular, or optical tags )
'Cytodex 3 microcan‘iers '(Amersham Biosciences) are composed of dextran with a
" surface layer of denatured collagen (gelatin). Cylodex 3 beads (50 pl seltled volume after
‘hydration in PBS) were incubated 90 minutes at room temperature with an anti-coflagen
-ahtibody conjugated to biotin (Abcam, Cambridge, UK), at a dﬂuﬁon of 4:50 in PBS with
2.5% fetal calf serum in a fotal volume of 200 . The beads were then washed three
" -times.in a large excess of PBS by resuspension then seftling by gravity. A control
| -'san"tpie was freated the same way, but without the addition of the anti-collagen antibody.
‘The control and treated samples were eachi split into two, and one sample of each was
incubated 30 minutes at room temperature. with a sfreptavidin-FITC conjugate at a
~cencentration of 2.5 pg/ml in a 250 Wl volume of 'FBSIFC& The remaining two samples
were incubated under the same condilions, but without streptavidin-FITC. Beads pre-
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' Inaseparate experiment, Cultispher G (Percell Biolytica) microcarriers were labeled with
latex beads which provide convenient tags. Microcarriers were hydrated in PBS,
sterfised with 70% efhanol, washed with PBS, fen covalently atiached to biotin
moieties. The biotinylation was periormed using 10 mg biotinarnidohexanoyl-6-
ammohexanoxc acd N-hydroxysuecinimide estm (Slgma) dissolved in 400 o
dimethyiformamide, which was added to 1 mil settied volume of microcarriers in PBS..
The reaction was allowed to proceed avernight at {81011 temperamre, and the
‘microcaniers were washed 3° “imes with.a large excess of PBS. An aliquot of reated

. beads and an unmodif ed confrol sample were incubated with 1x10e5 1 pM diameler,
streptavidin-coated red—ﬂuarescent beads (Sigma), or with 2.5 pg/mi streptavidin-FITC
(Sigma) in PBS with 2.5 % foetal calf serum. The level of labelling with the bead iags
(Fig. 12 E<H) or with FITC (Fig. 18 A-D) was compared using fluorescence imicroscopy '

-

Ina further experiment, Cytodex 3 microcasriers were labeled with red or greett
" fluorescent 1 pM diameter; stroptavidin-coated beads (Sigra). Cylodex 3 microcarriers
{Amersham Biosciences) were mcuba(ed with suspensions of ved, green, or a 11
' mixture. of red and green latex beads for 30 minutes at reom temperature in PBS with
25% FCS. The samples were washed fhree times in a large excess of PBS by
resuspens:on then settling by gravnty An ahquot of the beads labeled by the red tags
was then mixed with an aliquot of the same volume from the sampie eontaining beads
labeled by the green fags, io determine whether cmss—labelilng would occur. The
" samples were then viewed ynder an eprﬂuorescence rmcmscape using standard filler
sefs for detection of FITC and Texas Redlrlmdamme (see F'gures 14 and18).
:Mzcrocarners could be robustly labeled using the Tatex bead tags, resulting in differently
labeled populafions. The admixture of the two populations resulted in no significant

-_transfer of iabels between microcarrers, meaning that the popuiations remained

' dtshnguishabte The microcarers incubated with a combination of the two fags were
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~of cells grown under different conditions; and (b)
culturing the cells under common conditions. 8. The
met hod according to any of clains 5 to 7, wherein
sai d method conprises: (a) incubating a cell culture;
(b) splitting said culture into two or nore groups of
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two or nore different sets cul ture conditions.

9. The net hod accordin to any. of the 5

CHERriabo A e AUSTNG (G PP TG G obioelelpd i @

3mﬂmbim bf t@snaim@ nagseach assihe h)ras uged |lmm@><penment can bo
r

%ngégﬂfis sué’% gl nufbey | f" Rersc{tﬁg' Rl 'ﬂ@crophores, dyes,

as glass

hod
aBREYRs) ﬁetsmog%@aﬂﬁgzs%ﬁ%ﬁ%sw W?éﬁ@?"ﬂ%’f?gg ; gqﬁt fange of
eﬂi&ﬁr@ﬁ@ﬁﬂb faBs. pabiieHans & i pdssible teonble aptitDEE 0 ma;exgp@ tags

a@@&qeﬂi%édef%ﬁeﬁ%}?r@?rgﬁie%pr S%’ZOP' né Irgl gt h\%ﬂer ein the

cells are pluripotent cells.

~ Example 9 - Labeling of cell units by fiuorescent, molecular, or optical tags
. Cytodex 3 microcarriers (Amersham) were seeded with ES cells expressing a Tau-GFP
{ransgene. One day later, the microcarriers were washed with PBS, then incubated for
30. minutes at room temperature with a suspension of red, 1 pM diameter [atex beads
+that were covalently linked $o streptavidin (Sigma); and anaiyseij immediately or afler 24
hours post culture under standard conditions. Analysis involved washing three times in a
large excess of PBS by resus;)ensmn then sefiling by gravity, and the samples were
viewed under epiflucrescence using standard fi jiter sets for detection of FITC and Texas

'Red/rhodamine. Cell units comprising ES cells {green), and whxch had been labeled by
collgidal interaction wﬂh lstex bead tags (red) were apparent in each case (see Figure
13).

 Since beads composed of latex and other polymers can be conjugated to a very large
" number of molecular and supermolecular reporters, it is thus possible to label cell units
with a large range of distinguishing labels. |

Example 10 — Manual analysis and isolation of cell unifs on the basis of a-cellular
. process, '

Cell units comprismg mouse ES cells expressing a Tau-GFF fusion ﬁrotein and Cytodex
4 microcariers were mixed with naked cytodex 3 microcarriers at a ratio of 1:100. The
mixture was.observed under a microscope using phase and fluorescence settings. Cell
unils expressing GEP were readily apparent whén using fluorescence thicroscopy, even
in a large excess of non-fiucrescent carriers {see Fig. 16). individual celf units could be
gorted manua!ly using a posmoned mounted pipette to aspirate small volumes of the
culture containing the cell units.



A nmethod for determning the effect of a plurality of
culture conditions on a cell, conprising the steps

of: a) providing a first set of groups of cell units
each conprising one or nore cells, and exposing said
groups to desired culture conditions; (b) pooling two
or nore-of said groups to format | east one second
pool ; (c) subdividing the second pool to create a
further set of groups of cell units; (d) exposing
said further groups to , de$¥red culture condi ti ons;
(e) optionally, repeating steps (b) |terat|vel
FampRUI -2 Aptomated Analyis Ak &blrtylgaéé%?@g% g‘@fﬁ@fﬁ?’ﬁ cel

given cell unit of the culture conditions to '

|ch it has been exposed. (Figure 1)

i Is desirable to be able to analyse and sort cell units which are labeled with various

* tags, or display particular cellular processes, in an autamated or high throughput fashion.
A COPAS Select instrument (Union Biometrica Inc., Somervilie, MA) capable of sorting
multicellidar organisms and beads with diameter up to 0.5mm was used analyse cell
units, microcarriers and labelled microcarriers. Cytodex 3 (Amersham Bioosciences)
were anafysed by the instrument according o thelr size and opﬁcat characteristics (Time
of Flight, TOF; Exiinction, £xt), and exhibited a slight variation in size but no significant ..
autoflubrescence under the seltings utiised (see Fig. 17 A/B). Labelling of Cytodex 3

 microcaniers with red streptavidin-conjugated latex beads (Sigma) (see Example 9) led
toraldetectabife shift in red flucrescence (Fig. 17 CID).

Cell units comprising Cytodex 3 microcamars seeded with ES cells expressmg a Tau—
GFP transgene were used in an experiment to sort cell units on the basis of cell number.
' Groups of cell units comprising ceil units supporting various cell densities were passed
through the instrurtient without fixation, and demonsireted a broad range of green.
fiuorescence intensity {Fig. 17 EfF). The instrument was used to sort highly fluorescent
cell units from cell units of low fluorescence. Samples subsequently analysed using
epifluorescent microscopy revealed - that cell units soried on the basis of high

fluarescence carried large numbers of five cells whereas cell units of !ow fluorescence
were sparsely pcpulated Thus automated analysis, identification, and |solahon of cell
units can be performed according 1o muiltiple parameters, including ceil number,

phenotype, and labeliing with identification tags. '

Exampié' 12 -identification of tags from a single cell unit

Cultispher G {Perceli Biclylica) microcarriers were cross linked to biotin moigties (see
Example 8) and the biotinylation confirmed by comparing. the level of staining with
sireptavidln—FiTG tising flucrescence msaoscopy (Figure 18 A-D).

* Gell units were formed by the incubafion of a single-cell suspension of 10° TGEP ES
calls with 250 pl setfied volume biofinylated Cultispher G microcarriers in ES cell growth
_medium for 24 hours. A 50 pf sample of cell units was tagged with streptavidin-coated 1
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pm red-flucrescent latex beads (Sigma) by incubating with approximately 5 X 10° tags for
15 minutes at room temperature. The cell units were washed free of excess latex beads
by several rounds of resuspension and seitling in farge volumes of PB3. Eprﬂuor&seent
microscopy was used to confirm that cell units were jabelled by the latex bead tags (Flg.
18 E-G). :

Cell units were placed in a pelri dish mounted under a dissecting microséope, and
individual units were isolated using a pipette and placed into § ml FAGS tubes (Becton
Dickinson Falcon). A 200 ul aliquot of a 1x solution of Bacillus polymyxa neulral protease
(Dispase |, Roc:he) was added fo each fube, and the microcarier mafrix was digested
ovesnight at room temperature The digest was run through a cytoﬂuonmeter {Becion
| Dickinson FACScatlbur) that had been calibrated to defect events in the 1pm size range
"and in the far red (FL3) emission spectrum (Fig. 18 H, ). The identity of tags isolated
from a single cefl unit could be confirmed by detectmg events wium conform o the
appropnate size and flucrescence criteria (F‘g 184, K).

" Example 13 ~ identification of a multiplicity of tags used to label ceil units

The availability of a large variety of atex beads of preclse sizes and fluorescence
charactensﬁcs allows for multiplex labelling of microcarriers. Biotinylated Cultispher. G
mlcrocamers {see Example 12) were labelled by serial incubation in media containing
) three different types of streptavidin—ooated bead tags, differing in size, fluorescence
emission spectrum and fiuorescence intensity. The bead types used as tags were: 1) 1
pm green-fluorescent fatex beads manufactured by Sigma; 2) bead set no. 1 in the
series of 5.5 um red-fluorescent latex beads {QuantumPlex) manufactured by Bangs
Laboratories; and 3) bead set no. 5 in the series of 4.4 pm red-fluorescent lafex beads
manufaciured by Bangs Laboratories. :

The tagged microcarriers were then proteolyfically digested, and the libersted tags were
subjected to FACS analysis as before (see Example 12). The cytoﬂuonmeter (Becton
Dickinson FACScalibur) was calibrated with samples of the fags to set the size gates
- {Fig. 19 A), and the fluorescence signatures of the three different tags were delected by
- anglysing events in the appropriate (green or red)fiuorescerice channels {Fig. 19 B-D).
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CLAIMS

1. A method for obtaining differentiated cells from stem cells or progenitor cells in

vitro, comprising the steps of:

(a) growing the stem cells or progenitor cells in a culture medium adhered to a
microcarrier or a bead, confined within a medium permeable barrier or entrapped,;
(b) transfernng the celis in step (a) from one culture medium to another;
{c) _ optlonally repeating step (b) as required; and
(d) obtaihing the differentiated celis.
2. A method according to claim 1, wherein the differentiated cells are isolated by

enzymatic detachment from the microcarrier or bead.

3. A method according to claim 1 or claim 2, wherein the differentiated cells are

isoléted by digestion of the microcarrier.
4. A method for inducing a cellular process in cells in vifro comprising the steps of:

(a) - formation of a cell unit in which said celis are adhered to a microcarrier, a bead,

confined within a medium permeable barﬁer or entrapped; ' 7
(b) stepwise exposure of the cell unit to a series of cell culture conditions comprising

at least one change of medium; and

{c) _ inducing said cellular process.

5. A method for culturing stem cells, and differentiated cells derived from stem cells,
comprising growing said cells adhered to a microcarrier or a bead, or confined within a
medium permeable barrier or entrapped, wherein said cells are subjected to at least one

change of culture conditions comprising a change of medium.

6. The method according to claifn 5, wherein pools of cells are created and

subdivided iteratively.
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7. The method according to claims 5 or 6, wherein said method comprises:

(a) combining one or more cultures of cells grown under different conditions; and

{b) culturing the cells under common conditions.

8. The method according to any of claims 5 to 7, wherein said method comprises: |

(@) incubating a cell culture;
(b} splitting said culture into two or more groups of cells; and
(c) culturing said group of cells under two or more different sets of culture conditions.

9. The method according to any of the preceding c';lafms, wherein the microcarrier

comprises a plastic, a polymer, a macromolecule such as cellulose, dextran, agarose, or

acrylamide, or inorganic materials such as glass.

10. The method according to any of the preceding claims, wherein the cells are
entrapped in celiulose fibres such as DEAE, TLC, QAE, TEAE or in ceramic cartridges.

11. The method according to any of the preceding claims, wherein the cells are

pluripotent cells.
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'CELL CULTURE

ABSTRACT

A method for determining the effect of a plurality of culture conditions on a cell,
comprising the steps of: a) providing a first set of groups of cell units each comprising
one or more cells, and exposing said groups to desired culture conditions; (b) pooiing
two or more of said groups to form at least one second pool; (c) subdividing the second
pool to create a further set of groups of cell units; (d) exposing said further groups 1o
_ desired culture conditions; (e) optionally, repeating steps (b) - {d} iteratively as required;
and (f} optionally assessing the effect on a given cell unit of the culture conditions to
which it has been exposed.

(Figure 1}



